We examine the electroweak gauge sector of noncommutative standard model and in partic- 
I. INTRODUCTION
Over the last 15 years, there has been an increasing interest to study noncommutative standard model as a candidate for beyond Glashaw, Weinberg and Salam model of particle physics [1] [2] [3] [4] [5] [6] [7] [8] . This is partially because of the modern foundations of string theory, where in its context it was shown that noncommutative models occur in description of low energy excitations of open strings in the presence of a constant background B-field [9] . On the other hand, noncommutative theories are of interest on their own as a nontrivial generalization of ordinary gauge theories on a deformed background which is defined by commutation relations [x µ , x ν ] = iθ µν , where x µ denotes the spacetime 4-vector and θ µν is a constant, real and antisymmetric matrix of dimensions GeV −2 [10] . It is generally believed that signatures of noncommutative spacetime can be observed at string scale, typically on the order of Planck distance, where the quantum effects of gravitational fields become significant. Although the Planck scale (10 19 GeV) is actually far from our direct access, however, assuming the possibility of the existence of large extra dimensions and given that the onset of string effects is at TeV scale, signatures of noncommutative background are expected to be observable at a few TeV [11, 12] . Today, there is a positive attitude, both experimentally and theoretically, for a new physics at TeV scale and intense experimental efforts [13, 14] , phenomenological studies [15, 16] , as well as many independent model buildings [17, 18] are currently underway to find out signs of the new physics beyond the standard model. Noncommutative extension of the standard model appears to be a suitable candidate for the new physics and it may finally be realized by nature at TeV domain of energy. Nevertheless, the situation is uncertain and some alternative scenarios with compatible successes, such as SUSY models [19, 20] and D-Branes [21, 22] , also have been suggested all awaiting for experimental confirmation.
Noncommutative field theories can be constructed by the Moyal-Weyl correspondence,
where the usual product of functions are promoted to an associative star product which is defined as [23, 24] f (x) ⋆ g(x) = f (x) exp i 2 θ µν ← − ∂ ∂x µ − → ∂ ∂y ν g(y)| y=x .
There are, however, two serious problems in constructing noncommutative standard model based on this approach. The first and probably the most important difficulty in the Moyal- Weyl correspondence is the problem of charge quantization. That is, the possible charges for the matter fields are automatically restricted to the values −1, 0, +1. Secondly, it turns out that in the non-Abelian case, only noncommutative models with U(N) gauge symmetry are allowed in this approach [25, 26] . An idea to resolve these problems was proposed by
Chaichian et al. [27] . They built up a noncommutative U(3) ⊗ U(2) ⊗ U(1) gauge theory and then reduced it to noncommutative SU(3) ⊗ SU(2) ⊗ U(1) model by breaking the original symmetry of the theory in an appropriate manner. The model, however, introduces some extra bosons (three vector and one scalar) in comparison with the standard model. An alternative solution which cure both the problems and at the same time preserves the particle content of the standard model, is to use of Seiberg-Witten maps for noncommutative gauge fieldÂ µ and the corresponding gauge transformation parameterΛ [9] . Under such a construction noncommutative objects are written as an infinite series on deformation quantity θ µν which then, upto an arbitrary order in θ µν , they can be expressed in terms of usual (commutative) fields and gauge parameters. Contrary to ordinary field theories because of the presence of ⋆−product the commutation relations of noncommutative gauge fields as well as the gauge parameters do not close to the Lie algebra of the symmetry group. This problem can be circumvented by constructing noncommutative models based on the enveloping algebra of the gauge group. This idea was proposed by Jurčo et al. [28, 29] and used to extend the Siberg-Witten maps to non-Abelian gauge fields as well as the gauges coupled to matter fields. Along these lines, Calmet et al. [30] introduced the minimal noncommutative standard model and later developed it to the non-minimal extension (according to the freedom in choice of traces in the gauge sector) of the model [31, 32] . The Seiberg-Witten construction by Jurčo and collaborators. [28] also has found applications in relation with gravitation and topology [33, 34] . Recently, some of geometric and topological implications of noncommutative Wilson loops have been studied in Ref. [35] .
Noncommutative models have a rich phenomenological content and many interesting features. In particular, noncommutative standard model introduces new interactions which are forbidden in the standard model. Such interactions can be used to test the model through rare events (see for example [36] [37] [38] ) and may lead to a distinct phenomenology.
Another remarkable feature of the model is that, there are contributions from the Higgs part of the noncommutative action which enter directly into pure gauge sector of the theory and can affect the electroweak gauge boson interactions. The Feynman rules for Trilinear
Gauge boson Couplings (TQC's) including contributions from the Higgs sector for both the minimal and non-minimal models have been already obtained [31] . Recently, the rules for the Higgs couplings with gauge bosons have been also completed [39] . 
II. SEIBERG-WITTEN MAPS AND NONCOMMUTATIVE STANDARD MODEL
To begin, let us recall that the action of noncommutative standard model can be easily built up from the action of the standard model by replacing the normal products between fields with ⋆ ones, and the fields by their corresponding Seiberg-Witten maps. For the fermion field ψ and an arbitrary gauge field V µ , upto the first order of deformation parameter θ µν this means [28, 30] 
A hat on letters is to indicate the noncommutative objects. The bracket { , } denotes the anticommutator of operators and F µν is the usual field strength tensor. The noncommutative field tensor is defined asF
In order to construct noncommutative standard model one can choose the gauge On the other hand, the noncommutative Higgs fieldΦ is given by the hybrid Seiberg-
Observe that, noncommutative Higgs field can be transformed under two different gauge groups on the left and the right corresponding respectively to gauge potentials V µ and V ′ µ [31] . The action of noncommutative standard model can be formally written as
The relevant expressions for each part of the above action have been obtained in [31] . For our purposes, it suffices to rewrite only the gauge and Higgs parts in detail.
A. Gauge sector
The gauge action is [31, 32] 
where, g I 's are usual (commutative) coupling constants g ′ , g, g s . Here, the trace is over all the unitary and irreducible representations of the symmetry group and G is an operator which commutes with generators of the gauge group and determines the coupling constants of the model. It is in general, a function of Y and Casimir operators of SU L (2) and SU C (3).
Because the noncommutative fields are valued in the enveloping algebra of the gauge group, the trace in Eq. (6) is not unique depends strongly on the choice of a representation for gauge fields [30, 31] . All the representations which appear in the standard model are important and must be considered. Using Seiberg-Witten map (3) and the ⋆−product prescription in (1) upto the first order in θ µν we can rewrite the gauge action as
Minimal noncommutative standard model
The simplest choice for representation of gauge fields is the adjoint representation. In this case the trace is taken independently over generators of the symmetry groups, i.e., respectively over Y , T a L and T b S . In this case the resulting (gauge) action will remain as close as possible to that of the standard model. By substitution of gauge potential V µ in (7) and rearranging the fields we get
where,
The A µ and B a µ fields can be expressed in terms of physical fields as usual using
Here, A µ is the photon field, Z µ and W ± µ are weak boson fields and θ w stands for the weak mixing angle. From Eq. (8) it follows that in the minimal noncommutative model and at leading order of θ µν , the electroweak part of the gauge action is the same as that of the standard model. The QCD sector, however, differs from its corresponding action in the standard model and has already been discussed in [32] .
By substitution of field tensors (9b) -(9c) in (8) we can isolate the relevant parts of the gauge action to (electroweak) QGC's as
which then using (10b) -(10c) can be written as 
Non-minimal noncommutative standard model
In the non-minimal model, the trace in (6) is chosen over all particles existent in the model (with different quantum numbers) which have covariant derivatives acting on them.
In the standard model, there are five multiples of fermions for each generation and one Higgs multiplet (see Table I in [30, 31] ). The non-minimal gauge action up to the linear order in θ µν will be
The constants k i , i = 1, 2, 3 are model parameters which by using a set of constraints can be determined in terms of coupling constants of the model [36, 37, 40] .
The pure electroweak QGC's arise from following interactions
By inserting (10b) - (10c) in (14) we find
An important point to be noted here is that the W − W + W − W + coupling is not affected from interactions in the gauge sector of non-minimal noncommutative model because there is no interaction term containing four charged boson fields in (15) .
On the other hand, in addition to pure elctroweak gauge couplings, because of the interactions involved in (13) there is also an electroweak-chromodynamics mixing in the gauge sector of non-minimal model which arises from interactions in the last two lines of (13).
They are
Here a, b, c run from 1 to 8 for gluon fields G µ . Proceeding as before, the relevant interactions for the coupling of photon to gluons will be
Also, for Z 0 coupling to gluons we obtain
B. Higgs sector
The Higgs part of noncommutative action is
Here, µ and λ are respectively the mass parameter and coupling constant. Also,D µ denotes the covariant derivative which is defined for noncommutative Higgs field asD µ = ∂ µΦ − iV µ ⋆Φ + iΦ ⋆V ′ µ . The expansion of (19) using (1), (4) yields
where, D µ = ∂ µ − i V µ and the operator U µν is
Here, V µ is a 2 × 2 matrix which is defined as
Analysis of Eq. (20) reveals that the Higgs sector induce contributions into pure gauge sector of the noncommutative standard model. Proceeding similarly as in [31] the interactions yielding to QGC's are those terms in (20) which contain multiplication of four V µ matrices, i.e.,
Using the explicit form of V µ and choosing the Higgs field to be in unitary gauge
after symmetry breaking, the Higgs induced interactions into pure gauge sector are found to be
where, we have used υ = 
Equation (26) (27) is the θ-expanded Feynman rule for both the minimal and non-minimal models.
(c) Non-minimal model
Equation (28) for W − W + γγ coupling is familiar from the standard model. The exchange of two photons would lead to a topologically equivalent diagram. The as-sociated rules are therefore required to be symmetric under substitutions ν ⇄ λ.
Equations (28) and (29) obviously satisfy this requirement. The O(θ) contribution of the rule (29) is derived from Higgs sector induced interactions. Equation (30) represents the Feynman rule for the non-minimal extended model and contains a lengthy momentum dependent part. These terms are derived from (15) . In this case, momenta must be simultaneously r with each other as ν, λ indices are substituted.
The symmetry properties of (31) - (33) are exactly the same as Eqs. (28) 
(b) Minimal model
The rule (34) is the standard model vertex function for W − W + Zγ coupling. In the present case there is no explicit exchange symmetry. Equation (35) (36) is derived from the gauge action (15).
The γggg coupling is forbidden in the standard model. The rule (37) is derived from (17) and is allowed only in the non-minimal noncommutative model. Because the exchange of gluons leaves the diagram topologically invariant, the rule must be symmetric under simultaneous substitutions of ν ⇄ κ, a ⇄ b, p ⇄ p ′ and indepen-
The Zggg coupling is also forbidden in the standard model at tree level. This vertex function is derived from (18) and is allowed only in the non-minimal model. The symmetry properties of (38) are the same as that of the rule (37).
IV. DISCUSSION ON PHENOMENOLOGICAL PERSPECTIVES OF THE MODEL
To give an intuitive understanding of the model and in particular, the Feynman rules only the scattering of longitudinally polarized bosons is responsible for the leading behaviour of scattering amplitudes at high energy limit. Then, let us define the kinematics of scattering as
Here, θ and φ are respectively the polar and azimuthal angle. The momenta of incoming W ± and outgoing Z 0 bosons in the c.m. reference frame are respectively denoted by p ± and k ± . Also, ε ± (p) and ε ± (k) are used for polarization vectors of corresponding bosons.
The general features of the scattering can be understood from Figs. 1 -3. In the standard model, the azimuthal distribution of differential cross section, i.e., Furthermore, the parameter k 2 (see the rule (33)) is assumed to be 0.4 [40] . In our evaluations the total cross section approaches to 28 pb at √ s = 1.5 TeV. This is about 12.5% smaller than the exact value 32 pb [41] . Now, we consider the process in the context of noncommutative standard model. The usual parametrization for deformation quantity is θ µν = c µν /Λ 2 NC where, c µν is a dimensionless matrix of order unity and Λ NC is the overall scale which characterizes the threshold that noncommutative effects become relevant [42] [43] [44] . The c µν matrix is analogous to the (electromagnetic) field tensor in structure. However, it is not at all a tensor because its elements are assumed to be constant in all reference frames. Before proceeding to numerical analysis let us make some general remarks regarding calculation of scattering amplitudes.
Firstly, two distinct cases should be discussed separately: The space-space or B−field type noncommutativity which means the elements c ij (i, j run from 1 to 3) are non-vanishing and space-time or E−field type noncommutativity which means c 0j elements are non-zero.
Two types may have some features in common. The later type has been known to have some problems concerning the unitary and causality considerations [46, 47] . Here, we will consider only the case of space-space noncommutativity.
Secondly, because that the vertex functions for minimal and non-minimal extended models are different, their phenomenological perspectives should be discussed separately. In evaluation of amplitudes we used (32), (33) (based on the model under consideration) and also the relevant θ−expanded rules developed in [31, 39] . Notice that the amplitude of dia- . As the noncommutativity scale increases, the crests smoothly collapse and disappear at large enough scales. In particular, in the limit of Λ NC = ∞, we recover the results of the standard model (see blue curves in Figs.1 -3 ). 
